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;* A desirable feature of calorimetric probes for  very high 

heating-rate e n v i r o m n t s  i s  the longest possible in te rva l  of l inear  

temperature-tim response. It i s  the purpose of t h i s  note t o  indi- 

cate a design f o r  a calorimetric probe that w i l l  maximize the time 

in te rva l  of l inear  response. 

A typ ica l  aerodynamic heating-rate probe i s  shown i n  Fig. 1. 

. 

. 

The f ron ta l  area of the calorimetric slug i s  smal l  enough that only 

stagnation-point heat t ransfer  i s  Easured.  Consider the  probe t o  

be a f i n i t e  slab of material w i t h  a uniform heating rate a t  the front 

face and t o  be insulated on the sides and a t  the  back face, thus 

reducing the problem t o  one-dimensional heat conduction a s  shown i n  

Fig. 2. 

The solution of the  one-dimensional heat conductior equation 

subject t o  the boundary conditions 

x = o  q = const 

x = 6  at/ax = 0 

e = o  t = O  

gives the temperature dis t r ibut ion i n  the model of Fig. 2. The s o b -  

t i o n  i s  given by C a r s l a w  and Jaeger. 

with t ime i s  plot ted by Schneider,' as sham i n  Fig. 3. 

1 The variation of temperature 
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From Fig. 3, and for a given material, a value of e,, the  time 

required fo r  the back face of the slug t o  reach a s t a t e  of linear 

temperature increase with t i m e ,  can be established. 

back face t o  undergo i t 5  i n i t i a l  transient may be taken from Fig. 3 as 

The t i m e  fo r  the 

0.35 B2 e, = 
U 

Fromthe C a r s l a w  and Jaeger solution, the front-face temperature 

a f t e r  the  i n i t i a l  transient i s  also a l inear  fuuction of time, and 

is  given a s  

The front  face reaches a maximan allowable t e q e r a t u r e  

63,. Equation (3) then yields: 

tm in time 

I n  deducing heating r a t e  from the temperature-time response 

curve, the follm-ing equation i s  emgloyed: 

A t  q = p6c - n e  (4) 

For extremely high heating ra tes ,  the  time in te rva l  A@ = & - El1 

( the l inear  portion of the temperature-tim response of the attached 

thermocouple) can be very ~111911, and, thus, d i f f i c u l t  t o  measure. 

I n  optimizing a probe design, it is  therefore desirable t o  have 

Q2 - 8 1  amaximum. 

Combining Eqs. (2) and (3) one has 
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The quantity A6 may now be maximized as a f'unction of the thickness 

6: 

Therefore, the optimum d u e  of thickness becomes 

After substi tution of Eq. (6) into Eq. ( 5 ) ,  the maximum tim in terva l  

i s  found t o  be: 

k2tm2 
= 0.366 - 

as2 %lax 

Equation ( 5 )  may, fo r  convenience, be normlized t o  yield 

( 8 )  *e - 26 - - 
*%lax "ptirmun 

Equation ( 8 )  is  plot ted i n  Fig. 4. 

The calorimetric probe designed by means of Eq. (6) w i l l  give 

the  longest possible l inear  temperature-time response fo r  a given 

material ,  allowable front-face temperature r i s e ,  and fixed heating 

r a t e .  

NOMENCLATURE: 

C slug specific heat 

k thermal conductivity 

heating rate 

t temperature 

t m  mxirmUn allowable front-face temperature 

X length dimension 

a thermal d i f fus iv i ty  
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length of slug 

slug density 

tjme 
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Fig. 1.- Aerodynamic heating-rate probe. 

Fig. 2.- One-dimensional model. 

Fig. 3.- Temperature response of a plate .  

Fig. 4.- Plot of Eq. ( 7 ) .  
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